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BACKGROUND OF THE INVENTION 

5 1) Field of the Invention 

[0001 ] This invention relates to a process of resin transfer molding (RTM) used in combination with honeycomb core 
material and a heat-expandable, foamable material which is heated and expanded to fill the cells of the honeycomb 
core material. This invention also relates to the strong, lightweight products made thereby. More particularly, the process 
10 is for making products through the use of resin transfer molding (RTM) wherein the final product includes a unit of 
honeycomb core material having ceils filled with a foam material (i.e., the RTM resin has been excluded from the cells 
of the honeycomb core). The strong, lightweight products made by this process are useful in many applications, for 
example, as aircraft parts. 

15 2) Description of the Background Art 

[0002] Resin transfer molding (RTM) allows the economical manufacture of high quality composites. Dry fibers, which 
may have the form of continuous strand mat, unidirectional, woven or knitted preforms, are placed in a closed mold 
and resin is then introduced into the mold under external pressure or vacuum. The resin cures under the action of its 
20 own exotherm, or heat may be applied to the mold to complete the curing process. Early applications of the resin 
transfer molding technique employed unsaturated polyester resins. Polyester and vinyl ester resins are used in resin- 
transfer-molded consumer products, pipes, pressure vessels, and automotive applications. Epoxy resins have also 
been developed for resin transfer molding of high quality, high fiber volume fraction composite components in electronic 
and aerospace applications. 

25 [0003] Resin transfer molding is a process where the resin system is transferred at low viscosities and low pressures 
into a closed mold die containing a preform of dry fibers. The RTM process can be used to produce low cost composite 
parts that are complex in shape. These parts typically require continuous fiber reinforcement along with inside mold 
line and outside mold line controlled surfaces. It is the placement of continuous fiber reinforcements in large structures 
that sets RTM apart from other liquid molding processes. 

30 [0004] For five decades, resin transfer molding has been used for applications suitable to consumer product markets. 
However, in the last decade through the development of high-strength resin systems ,and more advanced pumping 
systems, RTM has advanced to new levels. These recent developments have promoted this technology as a practical 
manufacturing option for high-strength composite designs, particularly in the aerospace industry. 
[0005] The following are some of the fundamental advantages of the resin transfer molding process: (1) complex 

35 shapes (detail integration); (2) low part variability (product of the mold); (3) good surface finish; (4) 55 to 70% by weight 
fiber/resin ratio control; (5) eliminates autoclave cycle; (6) low material costs; (7) minimal training costs; (8) low capital 
investment costs; (9) low worker exposure; and, (10) bushings and inserts can be molded in. 
[0006] In the aerospace industry, the most visible advantage to this molding process lies in its ability to make complex 
shapes, that is, to combine multiple, detailed components into one configuration. For example, many traditional designs 

40 consist of many individual details that are combined as a subassembly. These subassemblies usually require labor- 
intensive shimming, bonding, mechanical fastening, and sealing. Consequently, these subassemblies demonstrate 
high part-to-part variability due to tolerance buildup. 

[0007] Individual components are integrated into one item with resin transfer molding. Therefore, the part-to-part 
variation is low because the parts are a product of the mold. 
45 [0008] Aerodynamic, decorative finish and controlled fit-up surfaces are typical part characteristics in the aerospace 
industry. These high-quality surface-finish characteristics are ideal for RTM. Therefore, being a product of the mold 
makes the surface quality of the part comparable to that of the tool's surface. 

[0009] Another advantage of RTM is the control of the reinforcement/resin ratio, which is typically 55 to 70% fiber 
by weight. This produces parts that are lightweight and high in strength. 

so [001 0] Because the method of heat transfer is integrated into the mold die, the need for an autoclave is eliminated. 
Therefore, no autoclave costs are incurred, no size limitations are inherent, and no staging issues occur. 
[0011] In terms of raw material costs, RTM offers cost savings by using bulk materials like broad goods. Because 
dry goods are less expensive than preimpregnated materials, a savings can be associated with the cost of the wasted 
material during the ply-knitting operation. Also, bulk materials do not need special handling requirements such as 

55 freezer storage. 

[001 2] The basic injection operation of RTM is straight-forward and easily learned. Hence, minimal training is required 
to bring operators on line. On the other hand, in making preforms the level of operator skill and training is dependent 
on the method of preforming that is used. 
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[001 3] The initial capital investment costs of RTM are low when compared with the many other molding processes. 
The most elementary approach to RTM can be achieved using a pressure pot, an oven, and a vacuum source. A variety 
of commercially-available equipment can be used to advance the process in many areas. 

[001 4] In most cases, RTM materials can be used with minimal chemical exposure to workers and their environment. 
5 Many high-performance resin systems are stable and release low volatiles. Since RTM is processed within a closed 
system, workers are exposed to the resin only when loading the dispensing equipment. 

[0015] Bushings and inserts can be incorporated into the preform and injected inpiace to eliminate some higher level 
assembly. Special considerations, however, must be made in the design and fabrication of the mold die (i.e., value 
added vs. tool cost). 

10 [0016] Some of the limitations of RTM include: (1) higher tool coast; (2) design changes can be costly (tooling costs); 
(3) cost of advanced preforming architecture; (4) cost of custom resin systems; and, (5) tool handling challenges (size 
and weight of tools). 

[0017] Due to the high quality of the mold and inherent complexity, tooling is expensive. Parts with complex config- 
urations have costly multi-piece, break-down tooling. 
15 [001 8] Design changes can be costly when modifying complex multi-piece molds. Even a simple design change can 
result in extensive rework or tool remake. 

[0019] The cost of advance preforming architecture can be high due to slow labor-intensive processes. 
[0020] The resin systems must meet design and process parameters that may be difficult to combine. For example, 
design criteria such as mechanical test values or fiammability values must coincide with the process criteria such as 
20 pot life, viscosity, worker exposure, and cure time. Resin tougheners, in general, cannot be added because the preform 
acts as a prime filter entrapping these materials at the point of induction. 

[0021] One of the benefits of RTM is the ability to manufacture large parts. However, it can also be a major limitation 
because the tools are large and heavy. Large and massive molds have special handling needs that can include cranes, 
trunnions, and fork lifts. 

25 [0022] The special problem involved in using resin transfer molding to make products that include a unit of honeycomb 
core material is the exclusion of the resin from the cells of the honeycomb core material. If the honeycomb core cells 
are not isolated from the resin being injected into the mold, the cells of the honeycomb core will fill with resin and a 
very heavy product will be the result. 

[0023] A process for equipping an aircraft with a rain resistant antenna dish maid of a thermoplastic material is known 
30 fromDE-IA-4.200,572. 

[0024] JP-62,240,51 6 discloses a process for making a layered product having a honeycomb core having cells filled 
with a foam material. 

[0025] US-A-5,338,594 discloses a process for making a layered product having a honeycomb core having cells 
filled with a foam material, said process comprising the steps of placing a first layer of an uncured, heat-expandable, 

35 foamable material on the top side of a central honeycomb core having empty cells; placing a first layer of an uncured 
preform material above said first layer of uncured, heat-expandable, foamable material, and placing a second layer of 
an uncured preform material below said honeycomb core placing the charge made in the above steps inside a mold 
and closing the mold; heating said mold to the cure temperature of said heat-expandable, foamable material, and 
holding said mold at this temperature for sufficient time to expand and cure said heat-expandable, foamable material. 

40 [0026] The present invention solves the foregoing problem and provides a means of making strong, lightweight prod- 
ucts that include units of honeycomb core material having cells filled with a foam material (i.e., the RTM resin has been 
excluded from the cells of the honeycomb core). The cells of the honeycomb core material are isolated from the RTM 
resin by the foam material. The foam material provides a barrier to the RTM resin system so that when the resin system 
is injected into the mold the resin system is excluded from the cells of the honeycomb core material. 

45 [0027] The present invention is a process for making a layered product (40), having a honeycomb core (12) having 
cells filled with a foam material (46), said process comprising the steps of: 

- placing a first layer (44a) of an uncured, heat-expandable, foamable material on the top side of a central honeycomb 
core (12) having empty cells; 

so - placing a first layer of an uncured preform material (24a) above said first layer (44a) of uncured, heat-expandable, 
foamable material, and placing a second layer (24b) of an uncured preform material below said honeycomb core; 
placing the charge made in the above steps inside a mold (22) and closing the mold (22); 
heating said mold (22) to the cure temperature of said heat-expandable, foamable material, and holding said mold 
(22) at this temperature for sufficient time to expand and cure said heat-expandable, foamable material; 

55 « removing the product (40) from said mold (22) after curing is completed; 

characterised by the step of placing a second layer (44b) of an uncured, heat-expandable, foamable material on 
the bottom side of said central honeycomb core (12); and by the further steps of: 
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reducing the temperature of said mold (22) to the injection temperature of a selected resin transfer molding (RTM) 
resin system, and injecting said selected resin transfer molding (RTM) resin system into said mold (22); and 
holding the temperature of said mold (22) at the cure temperature for said resin transfer molding (RTM) resin 
. system for sufficient time to cure said resin system. 

5 

[0028] In a further aspect, the invention is a process according to claim 1 , said process comprising the further steps of: 

placing a first layer of an uncured adhesive film (14a) above the first layer of uncured, heat-expandable, foamable 
material, and placing a second layer of an uncured adhesive film (14b) below the second layer of uncured, heat- 
to expandable, foamable material; 

placing a first layer of an uncured prepreg material (1 6a) above the first layer of uncured adhesive film (14a), and 
placing a second layer of an uncured prepreg material (16b) below the second layer of uncured adhesive film 
(14b), wherein the first layer of dry fiber preform (1 8b) is placed above the first layer of uncured prepreg material 
(1 6a), and wherein the second layer of dry fiber preform (1 8b) is placed below said second layer of uncured prepreg 
15 material (16b); wherein the charge made by the above steps is placed inside a mold (22), and the mold (22) is 

closed. 

[0029] Finally, in yet another aspect, the invention is a layered product for the aerospace industries, obtainable ac- 
cording to one of the aforementioned processes. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] For a better understanding of the invention, and to show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompanying drawings. In the different figures, elements designated by 
25 like reference numerals have corresponding functions. 

[0031] FIG. 1 is a schematic perspective view, partially in cutaway, of the final cured product of the invention showing 
the layers above and below the central honeycomb core material and showing the cells of the honeycomb core material 
filled with a cured foam material. 

[0032] FIG. 2 is a schematic vertical sectional view of the uncured lay-up of the product of the invention showing the 
30 layers above and below the central honeycomb core material and showing (at this point in the process) the empty cells 
of the honeycomb core material. 

[0033] FIG. 3 is a schematic vertical sectional view, taken along line 3-3 of FIG. 1 , of the final cured product of the 
invention showing the layers above and below the central honeycomb core material and showing the cells of the hon- 
eycomb core material filled with a cured foam material. 
35 [0034] FIG. 4 is a schematic vertical sectional view of the die mold used in resin transfer molding (RTM) to make the 
final cured product of the invention shown in FIGS. 1 and 3. 

[0035] FIG. 5 is a schematic perspective view, partially in cutaway, of an alternative embodiment of the final cured 
product of the invention showing the layers above and below the central honeycomb core material and showing the 
cells of the honeycomb core material filled with a cured foam material. 

40 

. DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0036] To design and fabricate parts using the RTM process, one must evaluate the part requirements based on the 
following: (1) the part requires high-strength, continuous-fiber reinforcement with 55 to 75% fiber by weight; (2) the 

45 part is complex in nature with designed-in flanges, stiffeners, or inserts; (3) the part tolerance requirements typically 
range from ± 0.10 to ± 0.30; (4) the part thickness ranges from 1.0 cm (0.040 inch) up to 13 cm (5.0 inches); and, (5) 
the surface finish of the part must be 125 RMS or better (well within typical machining parameters). 
[0037] Some of the most common materials used to fabricate dry fiber preforms are fiberglass, graphite, aramid, and 
ceramics. These fiber materials can be used separately or combined into a variety of hybrids to meet specific perform- 

so ance needs. Since these materials have been used in composite manufacturing for many years, they offer enhanced 
design flexibility. There are several ways to form the reinforcements to a desired shape. Different preform styles include 
braiding, knitting, weaving, filament winding, and stitching. Each of these styles is inherently unique and must be indi- 
vidually evaluated for specific design characteristics. Woven and filament wound preforms typically require a binding 
agent to maintain consolidation and configuration. Binding agents work best if they are a derivative of the neat resin 

55 system. In some situations, it is necessary to use a binder that is dissimilar. If this is the case, the binder can migrate, 
consolidating during injection in an uncontrolled manner, and reducing the strength of the base resin system. 
[0038] All dry fiber preforms should be consolidated prior to loading the mold. Consolidated preforms ensure appro- 
priate fiber orientation and volume. Fiber orientation and distortion in the RTM process must be understood from two 
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aspects. The first deals with the positioning, forming, and consolidating of dry fibers. Unlike preimpregnated reinforce- 
ments, dry fibers are unstable and are easily distorted. Binders help to stabilize the fibers during their handling and 
positioning. During the forming and consolidation process, the preform becomes stable. Once the preform is consoli- 
dated, it can be handled, assembled, and located in the mold with limited distortion. The second aspect deals with the 
5 ability to hold and lock the correct fiber orientation during resin injection. When the preform is closed in the mold, it is 
further consolidated by the closing pressure. The preterm's high fiber content locks the fibers tightly in place, preventing 
fiber movement. 

[0039] The quality of the mold is most critical to the RTM process. The surface finish and dimensional control are in 
the products of the mold. In other words, the time and money spent to make high quality molds will yield high quality 
10 parts. 

[0040] When selecting an RTM resin system for design, the first step is to clearly define the performance conditions. 
Some of the performance criteria includes the range of operating temperatures, thermal cycles, and mechanical prop- 
erties. To ensure the proper resin selection, the resin properties must be evaluated based on the performance condi- 
tions. A wide variety of RTM resin systems is available for use in the present invention, along with many others that 
15 are in the development stage. Some of the generic RTM resin systems that can be used include: epoxy resin systems; 
cyanate ester resin systems; vinyl ester resin systems, phenolic resin systems, polyester resin systems, and bismale- 
imide resin systems. 

[0041] The list of resin characteristics serves as the base to define the resin transfer process parameters. Resins 
that are conducive to the RTM process demonstrate low viscosity (ideally 500 cps or less), extended pot life, low volatile 

20 content, and low exothermic temperatures with a semi-rapid gel time. 

[0042] RTM resin systems are available in different formulations such as one-part or two-part systems. Cleanup 
operations of non-cross-linked formulations require solvents. Therefore, solvent cleanup should be considered when 
selecting an RTM resin system, although appropriate pumping equipment can store, load, and pump many of these 
resin systems directly from their shipping containers and require minimal solvent cleanup. Solvents are discouraged 

25 because they increase both worker exposure and hazardous waste disposal. 

[0043] There are several types of RTM resin delivery systems available on the commercial market that can be em- 
ployed in the present invention. The pump mechanism can be powered with one or a combination of pneumatic, hy- 
draulic, or gear drive systems. The resin injection operation is key to successfully carrying out the process. Better 
results have been experienced using positive displacement pumps. A positive displacement pump is preferred when 

30 the configuration of the part is large or complex. This type of pump provides constant pressure and continuous resin 
flow. At the same time, these systems provide the means to control and optimize the injection cycle. 
[0044] The most elementary pumping system is a pneumatic pressure pot. This type of system has produced many 
successful parts with RTM. However, it is limited by the degree of control over the rate and pressures of the resin flow 
front. On the other hand, advanced resin delivery systems provide positive displacement combined with computer 

35 control features controlling critical variables of the resin injection operation that are otherwise operator sensitive. 

[0045] The type of resin being used is important when selecting a resin delivery system. Many of the delivery systems 
offer an array of options that the user must evaluate. For example, the generic differences between a two-part and a 
one-part resin system can illustrate this. A two-part resin involves a pump with features that offer metering, mixing, 
and delivering. A one-part system does not require mixing, so the pump is used for delivery only. 

40 [0046] Many resin delivery systems offer enhanced features that improve the process such as an ability both to 
maintain a predetermined hydrostatic resin pressure and to adjust and display the temperature for viscosity control as 
well as for resin flow rate and volume control. These systems are generally simple to set up and operate, and are easy 
to clean and maintain. 

[0047] Because there are many variables that influence the RTM process, the following are some preferred guidelines 
45 to the RTM process: (1) fiber loading for structural applications at 55-65% by weight; (2) hard vacuum assistance 
provides better resin flow for complete ply wet out; (3) resin viscosity less than 500 cps allows lower injection pressure; 
(4) preconsolidated preform is complete, ready for mold loading; (5) mold is integrally heated to reduce cycle time and 
mold handling; (6) resin is previously degassed to minimize porosity and void content; (7) hydrostatic pressure is held 
after resin injection to lower porosity content; and, (8) injection pressure is less than 1 00 psi to allow a slow-moving 
50 flow front with minimal fiber distortion. 

[0048] The problem involved in using resin transfer molding to make products that include a unit of honeycomb core 
material is the exclusion of the RTM resin from the cells of the honeycomb core material. The present invention solves 
this problem and provides a process for making strong, lightweight products that include units of honeycomb core 
material having cells filled with a cured foam material (i.e., the RTM resin has been excluded from the cells of the 
55 honeycomb core). The cells of the honeycomb core material are isolated on both sides by the cured foam material. 
The cured foam material provides a barrier for the cells of the honeycomb core material prior to injection of the RTM 
resin system so that the resin system is excluded from the cells of the honeycomb core material. 
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The Product Of The Invention 

[0049] Referring to the drawings, FIGS. 1 and 3 show schematically the layered construction of the final product 40 
of the invention. The final product 40 is constructed of a central honeycomb core material 12 having cells filled with a 
5 cured foam material 46 (i.e., the RTM resin has been excluded from the cells of the honeycomb core 12) and cured 
layers 18a, 18b (shown schematically) comprised of the preform fibers which have been impregnated with the RTM 
resin system and cured inside the mold 22 (FIG. 4). 

[0050] FIG. 2 shows schematically the layered construction of the uncured lay-up of the product of the invention 
showing the central honeycomb core material 12 having empty cells (at this point In the process before the heat- 
10 expandable, foamable material 44a, 44b has been heated and expanded); the layers of an uncured heat-expandable, 
foamable material 44a, 44b; and the layers of a preform 24a, 24b of dry fibers (before the RTM resin system has been 
injected into the mold). 

[0051] FIG. 4 shows schematically a typical RTM heated die mold 22 having a lid 22a and having upper and lower 
inlet ports 20a and 20b where the RTM resin system is injected into the closed mold. The charge inside mold 22 is 
15 constructed of the central honeycomb core material 12 having empty cells (at this point in the process before the heat- 
expandable, foamable material 44a, 44b has been heated and expanded); layers of an uncured heat-expandable, 
foamable material 44a, 44b; and layers of a preform 24a, 24b of dry fibers (before the RTM resin system has been 
injected into the mold). 

[0052] The honeycomb core material can be any of the honeycomb core materials such as: aluminum, aluminum 
20 alloy, fiberglass, NOMEX, and carbon composite. The preform dry fibers can be any of the fibers described above such 
as: fiberglass, carbon (graphite), aramid, and ceramics. The prepreg material can be any of the prepreg materials. The 
primary requirement is that the cure temperature of the prepreg material should be the same as the cure temperature 
of the adhesive film. The RTM resin system can be any of the conventional RTM resin systems described above such 
as: epoxy resin systems; cyanate ester resin systems; vinyl ester resin systems, phenolic resin systems, polyester 
25 resin systems, and bismaleimide resin systems. 

[0053] The preferred material that may be employed as the heat-expandable, foamable material 44a, 44b (FIGS. 2 
and 4) is SYNSPAND X9899. The uncured preferred material is described as follows: 



Supplier: Dexter Aerospace, Materials Division; Pittsburg, California 

Product Designation: 
SYNSPAND X9899 

35 Composition: Component (1) - Adhesive mixture containing 

btsphenol A/epichlorohydrin epoxy resin 30-60% by wt; and, 
Component (2) — Inert carriers 30-60% by wt 

40 

The Process Of The Invention 

[0054] The process of the invention is as follows. The first two steps of building up the charge (or sandwich) can be 
45 accomplished inside the mold 22 (FIG. 4) before it is closed or the steps can be accomplished outside the mold. 

[0055] The first step is to place a layer of the uncured heat-expandable, foamable material 44a, 44b on the top, 
bottom, and vertical sides of the honeycomb core material 12 (which at this time has empty cells). 
[0056] The second step is to place the layers 24a, 24b of dry fiber preform over the top layer 44a of the uncured 
heat-expandable, foamable material and under the bottom layer of the uncured heat-expandable foamable material 
so 44b. This completes the charge. 

[0057] The third step is to place the charge inside the mold 22 and to close the mold. 

[0058] The fourth step is to heat the mold to the cure temperature of the heat-expandable, foamable material 44a, 
44b and to hold the mold at this temperature for sufficient time to expand and cure the heat-expandable, foamable 
material. The cure temperature can vary depending on the specific heat-expandable, foamable material being em- 
55 ployed. For example, for SYNSPAND X9899, the cure temperature Is about 177°C (350°F). The cure time can vary 
depending on the specific foamable material being employed. For example, for SYNSPAND X9899, the cure time is 
about 90 minutes. At this point in the process, there is no pressure added inside the mold beyond the mechanical 
pressure of the closed mold pressing against the charge and consolidating the charge. During the cure, the heat- 
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expandable, foamable material changes its physical state to a foam that expands and fills the cells of the honeycomb 
core. The net effect is that the layer of heat-expandable, foamable material transforms entirely into a foam. The upper 
layer 44a of heat-expandable, foamable material generates a foam that expands downwardly into the cells of the 
honeycomb core below it. The lower layer 44b of heat-expandable, foamable mat rial generates a foam that expands 

5 upwardly into the cells of the honeycomb core above it. The two advancing fronts of foam meet near the mid-plane of 
each of the cells, thereby creating a boundary line 48 (FIGS. 1 and 3) In each cell where the advancing fronts of foam 
met. The density of the resulting cured foam is in the range of 1 60-640 kg/m 3 (1 0-40 lbs/ft 3 ). A low density cured foam 
is preferred for aircraft parts where low weight is the goal. The layers 24a, 24b of dry fiber preform (FIGS. 2 and 3) are 
not impregnated by the foam during the foregoing expansion and cure of the layers of heat-expandable, foamable 

10 material. 

[0059] The fifth step is to reduce the temperature of the mold 22 to the RTM resin system injection temperature and 
to inject the RTM resin system into the mold through the inlet ports 20a, 20b. The cured foam 46 wilt not allow the RTM 
resin into the cells of the honeycomb core 12. The RTM resin system injection temperature can range from 120°C 
(250°F) to 177°C (350°F) depending on the specific RTM resin system being employed. An example of a one-part 

is epoxy RTM resin system is the product PR 500 made by 3M Company, Aerospace Materials Department, St. Paul, 
Minnesota, which has a built-in curing catalyst that is activated at the cure temperature of about 1 60°C (320° F). At this 
point in the process, after the mold is full of RTM resin, a hydrostatic pressure may be applied to fill any voids that have 
not been filled by the resin. The pressure is applied through the pumping system. For example, the pressure applied 
by the pumping system may be in the range of 140-41 Okg/m 3 (20-60 psi). 

20 [0060] The seventh step is to increase (if necessary) the temperature of the mold to the cure temperature for the 
RTM resin system and to hold the mold at this temperature for sufficient time to cure the RTM resin system. Again, the 
RTM resin system injection temperature can range from 120°C (250° F) to 177°C (350° F) depending on the specific 
RTM resin system being employed. After curing is complete, the part is removed from the mold. 

25 An Alternative Embodiment Of The Invention 

[0061] FIG. 5 is a schematic perspective view, partially in cutaway, of an alternative final cured product 50. Reference 
is made to co-pending U. S. patent application filed by U.S. Express Mail No. GB370067027US, (the same date as 
this application), entitled "Resin Transfer Molding In Combination With Honeycomb Core," invented by Thomas R. 
30 Cundiff and Bradley A. Frye, commonly-assigned to The Boeing Company, and having Attorney Docket No. 92-275. 
Final product 50 (FIG. 5) is a combination of the invention of the present application and the invention of the aforesaid 
patent application of Thomas R. Cundiff and Bradley A. Frye. 

[0062] Referring to FIG. 5, the alternative final product 50 is constructed of a central honeycomb core material 12 
having cells filled with a cured foam material 46 (i.e., the RTM resin has been excluded from the cells of the honeycomb 

35 core 12); layers of a cured adhesive film 14a, 14b which have been cured inside the mold; layers of a cured prepreg 
material 1 6a, 1 6b which have been cured inside the mold, and cured layers 1 8a, 1 8b (shown schematically) comprised 
of the preform fibers which have been impregnated with the RTM resin system and cured inside the mold. 
[0063] The process of making the alternative final product 50 is a combination of the process described in the present 
application and the process described in the aforesaid patent application of Thomas R. Cundiff and Bradley A. Frye. 

40 The process is as follows. The first three steps of building up the charge (or sandwich) can be accomplished inside 
the mold before it is closed or the steps can be accomplished outside the mold. 

[0064] The first step is to place a layer of the uncured heat-expandable, foamable material on the top, bottom, and 
vertical sides of the honeycomb core material 12 (which at this time has empty cells). 

[0065] The second step is to place a layer of the adhesive film 14a, 14b on the top side and bottom side of the 
45 honeycomb core material 12. 

[0066] The third step is to place a layer of the prepreg material 16a, 16b over each layer of the adhesive film 14a, 14b. 
[0067] The fourth step is to place the dry fiber preform 24a, 24b over each layer of the prepreg material 16a, 16b. 
This completes the charge. 

[0068] The fifth step is to place the charge inside the mold 22 and to close the mold. 
so [0069] The sixth step is to heat the mold to the cure temperature of the heat-expandable, foamable material, the 

adhesive film 14a, 14b, and the prepreg material 16a, 1 6b and to hold the mold at this temperature for sufficient time 

to expand and cure the heat-expandable, foamable material, to cure the adhesive film, and to cure the prepreg. 

[0070] The seventh step is to reduce the temperature of the mold to the RTM resin system injection temperature and 

to inject the RTM resin system into the mold through the inlet ports. At this point in the process, after the mold is full 
55 of resin, a hydrostatic pressure may be applied to fill any voids that have not be filled by the resin. The pressure is 

applied through the pumping system. For example, the pressure applied by the pumping system may be in the range 

of 140-410 kPa (20-60 psi). 

[0071] The eighth step is to increase (if necessary) the temperature of the mold to the cure temperature for the RTM 
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resin system and to hold the mold at this temperature for sufficient time to cure the RTM resin system. After curing is 
complete, the part is removed from th mold. 

[0072] As wilt be apparent to those skilled in the art to which the invention is addressed, the present invention may 
be embodied in forms other than those specifically disclosed above, without departing from essential characteristics 
5 of the invention. The particular embodiments of the invention described abov and the particular details of the processes 
described are therefore to be considered in all respects as Illustrative and not restrictive. The scope of the present 
invention is as set forth in the appended claims rather than being limited to the examples set forth in the foregoing 
description. Any and all equivalents are intended to be embraced by the claims. 

10 

Claims 

1 . A process for making a layered product (40), having a honeycomb core (1 2) having cells filled with a foam material 
(46), said process comprising the steps of: 

15 

placing a first layer (44a) of an uncured, heat-expandable, foamable material on the top side of a central 
honeycomb core (1 2) having empty cells; 

placing a first layer of an uncured preform material (24a) above said first layer (44a) of uncured, heat-expand- 
able, foamable material, and placing a second layer (24b) of an uncured preform material below said honey- 
20 comb core; 

placing the charge made in the above steps inside a mold (22) and closing the mold (22); 

- • heating said mold (22) to the cure temperature of said heat-expandable, foamable material, and holding said 

mold (22) at this temperature for sufficient time to expand and cure said heat-expandable, foamable material; 
removing the product (40) from said mold (22) after curing is completed; 

25 characterised by the step of placing a second layer (44b) of an uncured, heat-expandable, foamable 

material on the bottom side of said central honeycomb core (12); and by the further steps of: 
reducing the temperature of said mold (22) to the injection temperature of a selected resin transfer molding 
(RTM) resin system, and injecting said selected resin transfer molding (RTM) resin system into said mold (22); 
holding the temperature of said mold (22) at the cure temperature for said resin transfer molding (RTM) resin 

30 system for sufficient time to cure said resin system. 

2. A process according to claim 1 , said process comprising the further steps of: 

placing a first layer of an uncured adhesive film (1 4a) above the first layer of uncured, heat-expandable, foam- 
35 able material, and placing a second layer of an uncured adhesive film (14b) below the second layer of uncured, 

heat-expandable, foamable material; 

placing a first layer of an uncured prepreg material (16a) above the first layer of uncured adhesive film (14a), 
and placing a second layer of an uncured prepreg material (1 6b) below the second layer of uncured adhesive 
film (14b), wherein the first layer of dry fiber preform (18b) is placed above the first layer of uncured prepreg 
40 material (1 6a), and wherein the second layer of dry fiber preform (1 8b) is placed below said second layer of 

uncured prepreg material (16b); wherein the charge made by the above steps is placed inside a mold (22), 
and the mold (22) is closed. 

3. A layered product (40) for the aerospace industries, obtainable according to claim 1 or 2. 

45 

Patentanspruche 

1. Ein Verfahren zum Herstellen eines geschichteten Produkts (40) mit einem Honigwabenkern (12) mit Zellen, die 
50 mit einem Schaummaterial (46) gefullt sind, welches Verfahren die Schritte aufweist: 

Anordnen einer ersten Schicht (44a) eines nicht geh&rteten, warmeausdehnbaren, aufsch&umbaren Materials 
auf der Oberseite eines zentralen Honigwabenkems (12) mit leeren Zellen; 

- Anordnen einer ersten Schicht eines nicht ausgeharteten vorgeformten Materials (24a) auf der ersten Schicht 
55 (44a) aus nicht ausgehartetem, warmeausdehnbarem, aufschaumbarem Material und Anordnen einer zweiten 

Schicht (24b) eines nicht ausgeharteten vorgeformten Materials unter dem Honigwabenkern; 

- Anordnen der in dem obigen Schritt hergestellten Charge innerhalb einer Form (22) und schlieBen der Form 
(22); 
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Aufheizen der Form (22) auf die Ausharttemperatur des warmeausdehnbaren, aufschaumbaren Materials und 
Halten der Form (22) auf dieser Temperatur fur eine Zeit, die ausreicht, das warmeausdehnbare, aufschaum- 
bare Material auszudehnen und auszuharten; 

Entfemen des Produkts (40) von der Form (22), nachdem das Ausharten vervollstandigt ist; 
* 5 gekennzeichnet durch den Schritt des Anordnens einer zweiten Schicht (44b) eines nicht geharteten, 

warmeausdehnbaren, aufschaumbaren Materials auf der Unterseite des zentralen Honigwabenkerns (1 2) und 
durch die weiteren Schritte: 

Verringern der Temperatur der Form (22) auf die Einspritztemperatur eines ausgewahlten Harztransfer- 
gie3-(RTM)-Harzsystems, und Einspritzen des ausgewahlten HarztransfergleB-(RTM)-Harzsystems in die 
10 Form (22); 

Halten der Temperatur der Form (22) bei der Ausharttemperatur fur das HarztransfergieB-(RTM)-Harzsystem 
fur eine Zeit, die ausreicht, das besagte Harzsystem auszuharten. 

2. Ein Verfahren nach Anspruch 1 , wobei das Verfahren die weiteren Schritte aufweist: 

15 

Anordnen einer ersten Schicht eines nicht geharteten Klebefilms (14a) auf der ersten Schicht des nicht ge- 
harteten, warmeausdehnbaren, aufschaumbaren Materials und Anordnen einer zweiten Schicht eines nicht 
geharteten Klebefilms (1 4b) unter der zweiten Schicht des nicht geharteten, warmeausdehnbaren .aufschaum- 
baren Materials; 

20 - Anordnen einer ersten Schicht eines nicht geharteten vorgeformten Materials (1 6a) auf der ersten Schicht des 

nicht geharteten Klebefilms (14a) und Anordnen einer zweiten Schicht eines nicht geharteten vorgeformten 
Materials (1 6b) unter der zweiten Schicht des nicht geharteten Klebefilms (14b), wobei die erste Schicht von 
trockenem Faservorformling (18b) auf der ersten Schicht des nicht geharteten vorgeformten Materials (16a) 
angeordnet wird und wobei die zweite Schicht von trockenem Faservorformling (1 8b) unter der zweiten Schicht 

25 von nicht gehartetem vorgeformten Material (1 6b) angeordnet wird; wobei die mittels der obigen Schritte her- 

gestellte Charge innerhalb einer Form (22) angeordnet wird und die Form (22) geschlossen wird. . 

3. Ein geschichtetes Produkt (40) fur die Luffahrtindustrie, welches gemaB dem Anspruch 1 Oder 2 erzielbar ist. 

30 

Revendications 

1. Procede de fabrication d'un produit multicouche (40) ayant un noyau (12) en nid d'abeille ayant des cellules rem- 
plies avec une mousse (46), ledit procede comprenant les 6tapes consistant a : 

35 

placer une premiere couche (44a) d'un materiau non durci, expansible a la chaleur, expansible, sur le dessus 
d'un noyau central (12) en nid d'abeille ayant des cellules vides ; 

placer une premiere couche d'un materiau (24a) de preforme non durci sur ladite premiere couche (44a) d'un 
materiau non durci, expansible a la chaleur, expansible, et a placer une seconde couche (24b) de materiau 

40 de pr6forme non durci sous ledit noyau en nid d'abeille ; 

placer la charge faite dans les etapes ci-dessus dans un moule (22) et a fermer le moule (22) ; 
chauffer ledit moule (22) a la temperature de durcissement dudit materiau non durci, expansible a la chaleur, 
expansible et porter ledit moule (22) a cette temperature pour un temps suffisant pour dilater et durcir ledit 
materiau non durci, expansible a la chaleur ; 

45 - retirer le produit (40) dudit moule (22) une fois le durcissement acheve~ ; 

caracterise par I'etape consistant a placer une seconde couche (44b) de materiau non durci, expansible 
a la chaleur, expansible, sur le fond dudit noyau (12) en nid d'abeille ; et lors des etapes suivantes a : 
reduire la temperature dudit moule (22) a la temperature d'injection d'un systeme choisi de resine de moulage 
par transfert de resine (RTM), et a injecter ledit systeme choisi de resine de moulage par transfert de resine 

50 (RTM) dans ledit moule (22) ; 

porter la temperature dudit moule (22) a la temperature de durcissement pour ledit systeme de r6sine de 
moulage par transfert de r6sine (RTM) pendant un temps suffisant pour durcir ledit systeme de resine. 

2. Procede selon la revendication 1 , ledit procede comprenant les etapes suivantes consistant a : 

55 

placer une premiere couche d'un film adhesif non durci (14a) sur la premiere couche de materiau non durci, 
expansible a la chaleur, expansible, et placer une seconde couche de film adhesif non durci (14b) sous la 
seconde couche de materiau non durci, expansible a la chaleur, expansible ; 
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placer une premiere couche d'un materiau preimpregne non dure! (1 6a) sur la premiere couche de film adhesif 
non durci (14a), et placer une seconde couche de mat6riau pr6impr6gn6 non durci (16b) sous la seconde 
couche de film adh6sif non durci (14b), moyennant quoi la premiere couche de pr6forme de fibres seches 
(18a) est placee sur la premiere couche de matSriau pr6impregn6 non durci (16a), et moyennant quoi la 
seconde couche de pr6f orme de fibres seches (1 8b) est placee sous la seconde couche de matgriau pr6im- 
pr6gn6 non durci (1 6b) ; moyennant quoi la charge faite lors des etapes ci-dessus est placee dans un moule 
(22), et le moule (22) est ferme\ 

Produit multicouche (40) pour les industries a6rospatiales, que Ton peut obtenir selon I'une quelconque des re- 
vendications 1 ou 2. 
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FIG. 5 
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